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1 
Abltraet 
A shearomeier has been constructed f~~use in determining 
the complex ehear m~dulus of viscoelastic fluids. 
A sinusoidal shear wave ia propagated between two 
parallel pla\1a immersed in a viscoelastic fluid. The wave 
length and damping fact~r of tht wave are dettrmined from 
measurements Gf the stress exerted on the plates by the 
oscillating fluid. The wave length and damping factor are 
used to calculated the CGmplex shear madulua of the fluid. 
The instrument will ~perate ~ver the frequency range, lOOcpa 
to 10 Kc. 
~xperimental testing was done on dispersion systems 
~f carbon black in polybutene. Th• dynamic viscosity as 
determined oy 'the shearometer tor an 8'%, by weight dispersion 
was 150 poise. The viscosity as determined by a rotational 
viscometer was 190 poise. Th• two agree within the 
experimental accuracy of the instrument. The complex shear 
modulus was also oalculated for the dispersion systems. 
Results ~f the testing indicate that the ehearGmeter 
is an accurate and convenient way t~ obtain shear madulue 
ctaia ror viscoelastic fluids. 
i 
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Introduction 
The stress-strain relationship for visooelastio 
fluid& must be characterized if flow behavior is to be 
de3cribed. Visooelastic fluid& which may be represented 
by simple models as described in Ferry (1) have stress-
strain relationships which can be character11ed by a 
time dependent shear modulus or a frequency dependent 
complex modulus. The frequency dependent complex modulus 
is the Fourier transform of the time dependent shear 
modulus. 
Several methods (2,3,4) are described in the 
literature for determining the complex shear modulus but 
most are limited in the frequency range over which 
measurements can be made. 
Miles(5) and Miller,et al(6) have developed 
instruments capable of determining the shear modulus over 
a wide frequency range but these meihods are limited to 
very high viscosity fluids. 
Ferry(!) describes a method for determining the 
complex shear modulus by measuring the wave length and 
damping of a sinusoidal shear wave propagated in a 
viscoelastic fluid. The measurement of the parameters is 
based on the birefringence of the fluid when strained. The 
3 
method ie limited to transparent fluida. 
The design of the instrument described in this 
report was based on the theory developed by Ferry(l) but 
uses different measuring techniques. 
i</#..".-·;,: 
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Theory 
The shear modulus for linear viscoelastic fluids is 
defined by the relationship, 
(1) G(t): 1=° (t)/ Y 
where: 1:'(t) = stress varying With time 
r. strain applied at t = o. 
Linear visooelastio behavior exists when the ratio of 
stress to strain is a funotion of time only and nJt a 
funotion of the stress magnitude. For example, in an elastic 
solid such as steel, linear behavior exists only below the 
elastic limit. If the e1ast10 limit is exceeded, the stress-
strain ratio depends on the stress magnitude as •ell as 
time. 
G(t) is constant for a perfect elastic material as 
shown in Figure la. 
G(t)L 
time 
( a)Elastio 
G(t)L 
time 
(b)Visooua 
G(t)~ 
time 
( o)Visooe1astic 
·.: Figure 1-Shear modulus as a function of time for different 
J materials 
'i ] } If the perfect elastic body shown in Figure 4& is 
.1 
·' 
i 
.•. 
5 
Y: L/h is held constant 
( a) (b) 
r'igure a-Shear deformation of a body. 
subjected to a shear strain AL/h (Figure db) a stress 1: 
develops equal to the stress necessary to deform the body. 
This stress will remain as long as the strain is held. 
Therefore G(t) is constant with time. 
G(t) for a perfect viscous fluid is a Dirac impulse 
function at t = 0 since 'Y is a function of rate of strain 
rather than strain. If the body in Figure a were a perfect 
viscous body and were subjected to an instantaneous strain 
of the amount A L/11, the stress aasoolated with the strain 
would immediately go to zero and G(t) would appear as 
shown in Figure lb. 
G(t) for a viscoelastic fluid falls between the two 
limiting cases described above (Figure le) depending on 
the particular properties of ~he fluid. 
If the body described in Figure 2 were viscoelastic 
and were subjected to the instantaneous strain, Y = ~L/h 
as shown in Figure db, G(t) could be determined directly if 
1:' could be measured as a function of time. This method of 
'"1 II. ,-. 
1 ,_, 
., 
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determining G(t) is impractical far moat viae1elastic fluids 
since ~(t) deQaya t• zera so rapidly that it is n~t p~ssible 
ta measure faree as a fun~tian af time. 
If a viscoelastic fluid experiences a sinusaidal shear 
defermati~n, a steady state situatian develape in which stress 
and strain bec•me functians af the frequency of def(i)rmatian. 
The stress lags the strain by a c~netant angle+ and bath 
vary a1nua1idallY having the same periad. The c,mpltx shear 
y 
Figure 3- Stress and airain Qurv11 af a viae1elaetic fluid 
subjected ta sinusaidal shear defQrmatian as viewed 
fram a atatianary p1siti•n. 
It m•dulus, G ("'), is defined as a veet•r quantity, the magnitude 
•f which is the rati, af peak stress t• peak strain and the 
directian if which ia determined by the angle+ defined ab@Ve. 
The veet•r is a functiQn af the frequency af strain and ia 
~•mp1aed af a real and an imaginary part as sh~wn in Figure 4. 
The real part af the c@mplex shear madulus, G1 (w), represents 
the e1mp1nent ~f the stress in phase with the airain 
gr the elastic C\lrnp'inent of the cample:x ehear 
7 
modulus. The imaginary part ,G" (w), represents the component 
of the stress so0 out of phase wiih the strain or the 
viscous component of the complex modulus. The time dependent 
shear modulus,G(t), can be related to G'(w) through the 
inverse Fourier transforms: 
~ 
( ~ ) G ( t ) = a /ff. [( G1 ( w) / tJ ) 8 in W t d w 
(3) G(t) = 2/1t {(ti'(w)/w) ooswt dw 
I 1, Hence, if G ('4J) or G (C4.>) are known over a relatively wide 
frequency range,G(t) may be ob~ained by numerical integration 
of the above equations. 
G'' 
Figure 4-Veotor reprcsentaiion of complex shear modulus. 
The components of the complex shear modulus can be 
calculated directly from a knowledge of the complex modulus 
vector G• (w) and the associated phase angle 4> •.. However, 
calculation of u·(w) or; requires a characterization of the 
J shear wave propagated by the sinusoidal shear deformation 
:J 
of the fluid. Equation 4, given by Ferry(l), is the 
8 
(4) u=·u.ex1>(i(wt - 'dnx/>..) - x/x.) 
where: u= displaoement of fluid in z direction. 
u0 = peak displacement at x: 0. 
A• wave length of shear wave. 
x,, critical damping distance,ie. value 
of x where u:: u0 /e 
mathematical representation of a sinusoidal shear wave 
propagated in a fluid of infinite extent and approximating 
a one dimensional disturbance as shown in Figure 5. 
~late _,.1,.. 
IA. .... ____ ~u. .. u_e 
u. 
Jho X 
Figure 5-Sinusoidal shear wave propagated uni-dimensionally 
in a fluid. 
The wave equation applicable here is 
( 5) v'u + a' u : 0 
where: f: density of the medium 
(3, It d'R / >. 
e, • 1/x. 
9 
Therefore, 
, w'~1 ~['fff1 - (>-1><.f] G (w) • ~-...1..L ____ _ 
- C '111a -+ U'/x.}t}z ( 7) 
and ( 8 ) G" ( w) : ., 7J w • ')/ r ( ~/j .) 
['41r'' + (~lt,)']1. 
Hence, if A and x0 are known at a given frequency, G
1
(w) 
and G11 {w) can be calculated at that frequency. 
Adler,et al(?) have attacked the problem of a 
sinusoidal shear wave propagated in a finite medium. They 
solved the wave equation, 
I l)l (5) 9UtP u:0 
using the following boundary conditions, 
l) u(x,y)~O for large value of x. 
~) u{x, y, ):O,where ~Y, is they dimension of the 
medium. 
[
Uci 
~) u(O,y): 0 
for I yl~ Ye 
for J YI> Y. , where ;:;,y. is the width of 
the plate generating the 
wave. 
The soluiion obtained for Equation~ using the above 
boundary conditions was, 
lU 
showing that the relationship between u and u 0 ia not a 
simple exponential decay as indicated by Equation 4 for 
an infiniie medium but rather a aeries of exponentials. 
However, if measurements are made at large distances from 
the driven plate, the values of x0 and~ obtained from 
~quation 4 will yield good approximations to the true 
values since the second through n terms in Equation 9 
will be negligible in comparison to the first. 
Now, 
(10) 
where a•ia the ratio of peak stress to 
peak strain. 
and at a given trequency, roe. u which defines the ,,a1ues of 
x. and A .Tis the stress associated with the wave amplitude 
u and, 1-'oe. u. The ref ore, 
(11) ~ • Z exp(i(w t - "dnx/>, )- x/x.) 
If the stress associated with the motion is known, x.anct A 
can be determined. 
In the work reported here, the stress was measured 
by means of an electro-mechanical transducer so that stresses 
were measured in terms of voltages. The va1ue,x 0 , was 
11 
obtained from the relationship, 
(lG) v~v.exp{-x/x 0 ) 
where:V 1s thJ voltage measured at x. 
V
0 
is the voltage c'-lrresponding ..t.o x: O. 
If the value of Vis known at two different values of x, 
the relationship, 
is obtained and yields x 0 (.iirectly. The wave length,), is 
obtained from a measurement of the phase shift of the shear 
wave 1or a change in x through the relationship, 
( 14) ). :- ( x, -Xi ) / ( p / 21t) 
where: ~ is the phase shift of the shear wave 
as shown in Figure 6. 
V ,,,____,,-- V ....__......,-. 
,_.....___,,,--~ref er~ nee -t ,,,.,-...._,,.-
t 
position x, 
t 
Figure 6-Determination of the wave length 
At oosition x,, the shear wave is in phase with the reference 
wave while at position x1 thE''}Shear wave is 180° out o! phase. 
Hence the wave 1ength,), equals (x,-x .. )/(1i/a'tl') or~:- tS(x,-x,) 
f. 
t ,, 
?: 
\· 
'• !'; 
'/ 
f 
.... ·-····. -~-··--·--·-··· .--"-"·------
The real and ima5inary comp0nents of the corr;plex shear 
modulus can be calculatcJ usi!1g Equations 7 and 8. 
'f:-t. 
.. , ] 
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Design 
The shearometer,shown in Figures 7 and 8, consists 
of two flat,parallel plates, the first of which is driven 
sinusoidally at a known frequency and the second of which 
responds to the stress associated with the propagated shear wave. 
The design of the shearorneter is a modification of 
similar instruments reported in the literature. Miles(5) 
and Miller,et al(6) descrite instruments for measuring 
the complex shear modulus,G1 (w}, consisting of two 
parallel plates, one of which is driven sinusoidally and 
the other used to pick up the shear wave propagated in 
the liquid. The shearometer described here is similar to 
the instrument described by Miles with two exceptions: 1) 
the piezoelectric driver used by Miles iB replaced by an 
electromagnetic driver so that the amplitude of the strain 
is increased, 2) the distance uetween the plates is 
generally much larger and can be varied. These differences 
were necessary because the method employed to measure G~(~) 
differs from that of Miles. The method developed by Miles 
re qui res that the Plates be very close together so that the 
seperation is only a small fraction of a wave length and the 
strain is linear as shown in Figure 9. Such operation would 
be questionable tor low Viscosi 'tY fluids in which the wave 
FIGURE 7-SH EA RO METER 
"H 
F G 
- -
FIGURE 8 - DE SIGN OF SH EAROMETER 
... 
KEY TO SYMBOLS IS 
GIVEN. IN TABLE 1 
16 
Table 1 
Key to symbols for Figure 8 
A-Electromagnetic floating-coil speaker, Mustang m-12, 
8 ohms. 
8-Trunca ted section of speaker cone, 1 cm. in length. 
C-Flexible diaphragm. 
!}-Lucite disk, 1/8 in. thick by 3 in. diameter, bonded 
to the cone. 
E-Lucite blocks, 1/4 in. square by 3/4 111., supports 
for plate. 
F-Driver plate, 4-5/8 in. by 3/4 in. by 1/16 in. 
aluminum. 
G-Pick-up plate, 4 in. by 3/4 in by 1/16 in. aluminum. 
H- Pick-up transducer, Astatic No. 12 Phono-cartridge 
I-Dovetail slide with vernier scale 
I, 
t"luid 
.... •••• .. ,,._ __ shear wave e.:ttrap<tlatioo 
.. .. 
•• , 
• 
, 
... ·~11 ear partion oi' sine w1&.ve in fluid 
.. 
'\ ' pl11tes 
Figure 9-Illuatration of linear strain. 
iB damped rapidly. Also, in the methods used by Miles and 
Miller the fluid had to remain between the plates, held 
there by capillary, viscous and adhesive forces. Low 
viscosity fluids could not be used in these systems. 
The measurement of wave length and critical damping 
factor of a shear wave in the present instrument required 
relatively large seperation of the plates. The amplitude 
of the strain had to be large so that the wave would provide 
a measurable stress at the distance involved. The motion 
•Ii 
of a piezoelectric driver is limited to about 10 cm. whereas 
., 
an e1ectromagnetio driver can generate motion of about 10 cm. 
The design of the driver used in this work is similar 
to those described by Newman(B) and Smith,et al(4). The 
plate is a piece of 4·5/8 in. by 3/4 in. by 1/16 in aluminum 
and is driven by a modified floating-coil loudspeaker. 
(Equipment specifications are listed in Appendix B) The plate 
ie bonded to the cone of the loudspeaker as shown in Figure 8. 
!, 
[, 
''!• 
~: 
18 
The cone is held in place by a flexible diaphragm. T
he 
speaker cone is truncated leaving a one centimeter b
ase 
to which the plate is mounted. The assembly is moun
ted 
in turn on an aluminum frame. The entire piece weig
hs 
about ~5 lbs. 
The pick-up plate is a piece of 4 in. by ~/4 in. by 
1/16 in aluminum and is bonded to a piezoelectric ph
ono-
graph transducer so that motion of the plate resulti
ng· from 
the applied stress affects the transducer in the sam
e way 
a phonograph stylus does. The cartridge is bolted on
 a 
frame which rides on a dovetail elide equipped with 
a vernier 
scale capable of measuring to 0.001 in. The slide is
 bolted 
to a ~o lb. aluminum block. 
The driver section of the instrument ie seperated 
from the pick-up section. Both pieces are aeperated
 from the 
bench on which they rest by foam rubber so that any 
vibrations 
which may occur in the driver section are damped out
 before 
they can be transmitted to the pick-up section by wa
y of the 
bencll. The transducer used in this instrument is ext
remely 
sensitive and therefore damping of external signa~.s 
is 
critical to insure that any signal transmittea by t
he 
transducer comes only from the fluid. A small signal
 is 
picked up through the air, caused by sound waves pro
pagated 
by the ctriver motion. These signals are negligible w
ith 
respect to the signal transmiited ihrough the fluid.
 The 
entire instrument is grounded to eliminate stray e1ectr1ca1 
signals. 
A sohematio diagram of the ahearometer and auxilliary 
equipment ie shown in Figure 10. The loudspeaker is driven 
Signal oaeilla-
scape Amplifier 
Genera-t~r 
I 
,-1 
I l [ I 
Shearameter 
Figure 10-Schematic diagram of shearometer 
by the one volt output from the signal generator. Thia low 
voltage is sufficient to drive the speaker within the 
, frequency range studied. The signal from the signal 
,i 
., 
·C 
·' 
generator is introduced into the upper beam of a dual beam 
oscilloscope and used as a reference signal. The signal 
coming from the cartridge is amplified by an R-C voltage 
amplifier with a gain of 1000 and also introduced into the 
oscilloscope. The amplifier circuit diagram is shown in 
1 
i 
l j 
! 
dQ 
Figure ~3, page 44. Same la• frequeney external vibratiens 
were detected out the signal generated by them was filtered 
~ut with a iunect R-L-0 circuit. 
The fluid was held in a eylindrieal Q•ntainer, 7 cm. 
in diameter and 9 cm. deep, int, which the plates were 
immersed. The driver plaie was centered in the c1ntainer 
a• that the distance oetween th• driver plate and the piek-up 
plate was small CQmpared tt the distanee beiween the driver 
plate and the wall ~f the e~ntainer. The c~ntaintr was 
clamped ta ~lle bench tap. 
21 
Procedure 
The desired signal was introduced to the ctriver 
and 
monitored on the upper beam of the oscilloscope.
 The signal 
from the transducer was amplified and monitored 
on the 
lower beam of the oscilloscope. The position of 
the receiver 
plate on the slide was determined. The wave form
s of tne 
the generating and the received signals were ph
otographed 
on the oscillosQope screen. The magnitude of the received 
!ignal and the phase angle between the two trace
s were 
determined from the photographs. The receiver p
late was 
then moved to a different setting and the procea
ure repeated. 
The voltages necessary to determine x0 anct the 
separations of the plates are measured directly.
 Tne 
difference in phase angles oetween the first and
 second 
plate separations must be determined to calculat
e l. The 
phase angle shift and the plate separations are 
directly 
substituted into Equation 14. oample calculation
s are shown 
below. 
P-P vc,l tage, 100 rnv. 
,,,,,,_~-··;:-,....-: --~.. reierence •igniil 
,,,,.,,._~ i~~response 
1+ .. o• 
Figure U.ia-Sample calculation, setting No. l, 
x, ~ O. 400 1 n. 
22 
~ 
JP-It v~l tw.ge, 50 mv. 
~e---reierenQe signal 
I 
I 
- "t ~: aa......, -,,,,, .--resp~nse 
I I 
I 
:•, 
Figure llb-Sample ca1oulat1on, setting No. 2 Xz& O. 900 in. 
' 
ln(l00./50.) ~ (0.900-0.400)/x. 
x.=0.72in. 
~- (x~-:x,)/(f/3rr) 
l , ( o. 500) / (n / 211) 
~ • 1. 0() in. 
Heaulta and Discussion 
Tests were made with a polybutene, H-50 and disperaiCllS 
6f carbon black in polybutene. The carbon black was "tlf-~M, 
a mediUIL flow channel black manufactured. by the Jabot 
;Jorporation. "tlf-6" is non-porous and. partially polar with 
a relatively narrow oarticle size, mean uiameter being ao?A
0
. 
The apparent bulk density is 11.b lbs./ft. 
The vehicle, polybutene H-jO, is a butylene polymer 
predominanily high molecular weight mono-olefins(85 to 98'1fo), 
the balance being isoparatfine. H-bO has an average molecular 
weight ot 700, a viscos~ty at 2b°C of 92.b poise and a 
specific gravity of 0.878. 
Three systems were studied, 100"fa li-bO, '!°lo by wei~ht 
"~lf-5" (2 °lo pigment volume concentration) in H-50 and 8% by 
weignt • ilf-5" ( 4 '/o plgment volume .a..tra tion) in H--50. The 
oarbon black was aried at 130 °c for·l~· Detore oeing 
actcted. to \he polybtttene. The mixture was milled on a three-
roll mill to a grinctometer (9) reacting of zero. 8hear stress 
- snt:ar rate properties o:t simi_;_ar systems have been studied 
by FisChoff(lO). 
The results of the tests are illustrated in Figures 12 
to 2Q·. M.easurements we re maae two nours a1'ter tne dispersions 
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were m111ec1 ana again 48 hrs. alter milling. Measurements at 
certain i·requencies were ootainee1 at·ter 9o nrs. in tne case 
of the ai dispersion. Dispersions have been snown to set up( 11 ) 
after milling and data was oO\ainee1 at aifferent times in an 
attempt to measure this pnenominon in terms 01 tne snear 
moauiua. ijinoe tne setting up occurs rapidly witnin tne 
lira, 8 to 12 nrs. ~fter milling, aat~ n~a to be ootainea 
witnin a ~u minut~ p~rioa if tne results were to ~e meaning-
ful. The entire frequency range could not be covered in this 
time, hence the data at a hrs. after milling was measured at 
only a few of the higher frequencies. 
The shear modulus as from the data for pure H-50 is 
shown in Figures~ and 13 and forms a smooth curve decaying 
with decreasing frequency. Ferry(l) shows that this is the 
expected shape of the curve for low molecular weight polymer. 
The elastic components of the shear modulus for the 
dispersions fell more rapidly than that of the H-SO and was 
smaller in value at high frequencies. However, the values 
of the e1ast10 component oaloulated for thee/fa dispersion 
were greaier than those of the 4% dispersion at high 
frequencies. one possible explaination for the shapes of the 
shear moduli curves is that in pure H-:50 the molecules are 
entangled and closely associated so that at high ratee of 
; 
I 
! 
' j 
l 
l 
34 
strain a large elastic effect is present. The addition of 
oarbon to the system contributes an elastic effect because 
of the carbon particle-particle structure which can occur 
in a dispersion. The e1astio effect caused by the dispersion 
structure would be 1ess than that of the H-50 for small 
deformations at high rates of strain. If the carbon particlee 
limit the entanglement of the polymer mo1eou1es, it Will 
cause the elastic effect in a dispersion to be sma11er than 
that of the pure H-50 explaining the higher values of G' (w) 
for pure H-50 with respect to dispersions at high rates of 
strain. Similar results have been obtained for the case of 
a polymer dissolved in a viscous solvent(l~). 
Aa more carbon black is added, the elastic effect of 
the carbon particle-particle structure would increase, 
explaining why G' ("') for the 87b dispt:rsion is larger than 
that of the 4i dispersion. 
At lo• frequencies G'(w) for both dispersions was 
larger than that of the pure H-50. one explaination is that 
at lower rates of strain, the pure H-50 is primarily viscous 
in behavior and the elastic effeots of the carbon particle-
particle structure would dominate the elastic modulus 
causing it 1io be 1arger than that of the H-50. 
The viscous component of the shear modulus decreases 
'l 
,i·l 
•: 
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oonsiderably with time after milling indioating that the 
dispersion is setting up. At high frequencies the viscous 
component of the ai dispersion increased with time. This 
phenomenon is unexplained. 
Values of G' (w) and G" (w) calculated from data 
measured for the si dispersion 96 hrs. after milling were 
not significantly different from those calculated after 4~ 
hrs. indicating that set up occurs almost completely within 
48 hrs. from iime of milling. 
The time-domain shear modulus,G(t),was calculated 
using Equation 4 for pure H-50 and the 4% dispersion, and 
is shown in Figure 19. The values of G' (w) for wcoo were 
obtained by an extrapolation of the curves in Figures 12 
and 14. The values used were 8.d5 x 10
8 
dynes/cm for the 
8 H-50 and 3.0 x 10 dynes/cm for the 4% dispersion. G(t) 
was not calculated for the ai dispersion since an extrap-
olation of Figure 15 could not oe made with any degree of 
assurance that ihe correct value would be obtained. 
Relaxation times were calculated for the case of a fluid 
exhibiting simple e:xponential decay,ie. G(t):G(O)ex-o(-t/•) . 
. , 
The values of e-obtained were 4.2xl0 sec. for H-50 and 
~.BxlO-s sec. for the 49a dispersion. These values are of the 
order of magnitude expected for thin viscoe1aaiic fluids. 
r-- 1 
1 
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A comparison was made between the viscous modulus 
as calculated on the shearometer and the viscosity as 
determined by a rotational cup and bob viscometer to obtain 
an independent check on the accuracy of the shearometer. 
The comparison made use of the fact that G" (w)/2f1f : "7' , ~, 
being the dynamic viscosity. The dynamic viscosity approaches 
the ordinary viscosit~?,as f become.i:,'small. A linear 
extrapolation of the curve log i versus log f was made to 
log f: 0. as shown in Figure 21 and yielded a value of 
f =- 150 poise at f = 1 sec·'. The value of ? as determined 
on the rotational viscometer was 190 poise. The two values 
agree within the experimental accuracy of the shearometer. 
Because of the length of the extrapolation (two decades of 
frequency) the accuracy of the extrapolation is questionable 
and lower frequency data is needed for definite comparison. 
The first of two possible sources of error investigated 
is that the motion of the pick-up plate must be of such 
l 
J 1 a magnitude that the motion-voltage relationship of the 
crystal is linear. Confirmation was obtained by plotting 
voltage input to the driver, which bears a linear relation-
ship to the strain, against voltage output from the crystal. 
The points thus obtained plotted as a straight line shown 
in Figure 22. Linear viscoelastic behavior is also indicated 
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Figure 22' -Linear response of transducer. 
by -;his curve. 
Thi second poaaible aouroe of error is that the_mass 
of the pick-up plate may cause a change of phase angle in 
the signal from the crystal. The phase change must be 
constant for the range of motion of crystal or the wave 
length measurement will be in error. Several different 
input voliages were introduced at a given frequency causing 
different amplitudes of motion of the pick-up plate. No 
change in phase angle was detected indicating that any 
change oauaed by the plate mass is constant over the range 
of moiion experienced in this work. A more detailed analysis 
of force and motion at the pick-up plate will have to Le 
completed in order to elucidate this effect. 
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Conc1uaions 
The ehearometer provides an accurate and feasible 
means for determining the shear modulus of a v1eco-
e1astic fluid by utilizing the theory developed by Ferry(l) 
but extending his experimental techniques to include 
opaque as well as transparent fluids. The addition of 
auxilliary components to replace the oscilloscope will 
provide ease of operation and allow rapid determination 
of the shear modulus for the fluid of interest. In principle 
the shearometer can be used over a wider range of frequency 
and viscosi\Y than were reported here. Small modifications 
in the design of ihe instrument will greatly increase its 
range of operation. 
The shearometer described here will measure wave 
lengths and critical damping factors of viscoelastic 
fluids over the frequency range,lOOcps to lOKc. The 
measurement of wave lengths and damping can be made with an 
experimental aoQuracy of 5 to 20'1fe. The larger errors 
occured at low frequencies where wave lengths are large and 
damping is small. Reproducibiliiy of ihe data is also within 
5 to 20'1fa. The shear modulus calculated from the wave length 
and critical damping factor has an error of 10 to 65',. 
There are some limiiatione to the method employed 
here for measuring the shear modulus. If the wave 1ength to 
i' !. ~ 
; 
s ,, 
-: _ _c.,., .•· 
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damping faoior ratio is toQ large, it may be difficult to 
measure the siress at the plate separations required to 
obtain a measurable phase angle shift. 
The amplitude of motion of the driver plate must be 
small enough ao that the viscoelastic behavior is linear. 
There is a lower limit to the viaoosity of the fluid 
being teated which is determined by wheiher the fluid •111 
transmit a measurable signal. No work has been done to 
discover this limit. 
Some limitations also exis~ which are functions of 
the design of the instrument rather than the method. 
The viscosity of the fluids being tested has an 
upper limit. This upper limit is approximately aoo poise. 
At higher viscosities the fluid will not flow smoothly 
around the plates as they are being separated and a 
cantilever effect is experienced by the plates. Thie force 
will distort the output signal from the crystal. 
Initial tests indicate that the upper limit of 
frequency is lOKc. Above this frequency the driver response 
falls off very rapidly and it is not possible to obtain 
data above thie frequency. The response of the pick-un 
transducer is also questionable aoove lOKc. 
The present method of taking data {photographs of 
1 
i 
I 
I 
i 
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the osoilloscope traces) is costly and time consuming. Also 
measurements taken from these pictures are a major source 
of error in the data. 
The pick-up transducer is extremely sensitive to 
external vibrations. Local 30cps vibrations were experienced 
in the work report•d here caused by machinery in the 
immediate vicinity of the shearometer. 
-····----· ------------ ~- -
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Reoomeno.atit1ne F11r Fu-;ure \York 
1) The possibility Gf replaoing the driver and \hi 
pick-up transducer with elemenie having a wider frequency 
should be explored. Use of two or more drivers, each coveri~ 
a porti'jn of the desired range, may be neceeaary. At 
frequencies above aoKc, a piezGelectric driver may be 
practical 
~) Redesign the plate mountings so that high viscosity 
materials oan be studied. one possible design is to 
incorporate a mounting which will enable the pick-up plate 
to rotate 90~,ao that as the plates are being aeperated the 
fluid will act on the plate edge rather than the face. When 
the desired seperation is achieved the plate can rotated 
back to its normal position,ie. parallel to the driver. 
j)Explore possibilities of replacing the oscilloscope 
with a phase angle meter anct a high-sensitivity voltmeter. 
Information on a voltmeter is available in Appendix C. 
No information could be obtained ~n a low frequency phase 
angle meter except that it 1a no~ a common item. 
4) The sh~arometer should be mounted on a vibration 
I ree surface. 
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Appendix A 
Equipment Speoifications 
Driver-Mustang M-1~ Speaker; Frequency response, Jb to 10000cps; 
Power handling capacity, 30 watts IPM;Frice,$18.90 
Pick-up Transducer- Astatic No. 1~ Phono-cartridge; output 
valtage, 4.0 volts;Price,fG.70 
Signal Generator-Hewlett-Packard 3300A Function Generator; 
50 waits,Frequenoy range,O.Olcps to lOOKc; 
Price, ij590. 
Oscilloscope- Tektronix Type 50~A Dual Beam oscilloscope; 
Sensitivity to 0.1 milivoli/cm; sweep rates to 
1 uaec/cm. 
Dovetail Slide with Vernier- Tropel Inc, Fairmont, N.Y., 
Type A~bl5Dt; Vernier reaas O.OJl in. 
Price,$1~~.oo 
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FIGURE 23.:c1RCUIT DIAGRAM- R·C AMPLIFIER 
KEY: 
T-Power transformer,325-325 V.,70 ma;5 v,3 a;6.3 v,3.5 a. 
S-Switch 
F-Fuse, 1 a. 
P-Plugs for jacks 
Capacitors 
Cl-20 uf electolytic,45 v 
C2-50 uf 
C3-0.27 uf 
Resistors 
Rl-50 ohm, 10 w 
R2-8200 ohm, 2 w. 
R3-1500 ohm 
R4-0. 1 megaohm 
Tubes 
61'8-A triode (RCA) 
5Y3-GT full wave rectifier (RCA) 
I-Inductor,filter choke 
C3 C3 
R4 R4 
y y 
C2 
p 
!: 
l 
J 
i 
I 
H-50 Palybuiene 
Frequency Wave length (sec·•) (in.) 
8K 1.8 
6K d.tS7 
3K 4.17 
lK 7. 78 
700 10.0 
500 14.4 
~00 16.5 
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Appendix B 
12!!! 
Damping factor 
(in.) 
o. t:i5 
1.10 
id.05 
d.dO 
d.37 
,:;.5'* 
,:;.60 
4i Elf-5 Dispersi~n(d hrs after milling) 
Frequency Wave length Damping factor (sec-•) (in.) ( in. ) 
BK 0.78 d.l 
6K d.80 0.46 
~K 6.d5 0.3d 
4~ ~lf-5 Diepereion(48 hrs. afttr milling) 
lOK 0.77 0.35 
8K o. 75 0.41 
6K 1.11 0.56 
3K 1.30 0.64 
lK 1.6'* 1.01 
600 d.95 1.40 
300 4.01 .:i.00 
100 5.06 d. ,:;Q 
G ' (w) G " ( w) (dynes/cm~)(x10') I' 
675. 660. 
765. 4d6 
660. 3d4. 
daa. 1 75. 
104. 1~4. 
jJ. 106. 
o. 53.8 
G'(w) G"(c..,) (dynes/cm~)(xlo') 
360. 
d86. 166. 
,:,03. 1J5. 
d54. 159. 
186. 85.4 
dl4. 109. 
73.S 38.~ 
14.7 b.4 
14.3 6.7 
7.1 3.6 i 
1.1 0.7 
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8" tlf-5 D1BpersiGn ( 2 hrs. af-;er milling) 
Frequency wave 1ength Damping factor G' (w) G"(w) 
(sec-') (in. ) ( in. ) (dyn1a/cm')(x10') 
lOK 0.54 0.61 436.d 
BK 0.65 l.d9 272. 
JK 1. :So 1.43 133. a4.a 
lK a.56 d.11 38.~ did.8 
600 .3. 4 1.35 16.6 8. 
I' 
~ Elf-b Di!per!ion( 48 hre. after milling) 
lOK 1. 0 0.70 540. 152. 
7K 1. 02 0.75 298. 60. 
4K 1. 09 0.96 116. 21. 
2K 1.14 1.16 32.7 5. 
900 2.26 1.19 21.2 6.8 
600 2.32 0.95 8.4 3.7 
300 2.86 1.21 3.23 1. 3 
100 3.90 1. 03 0.35 0.32 
8% Elf-5 Dispersion(96 hrs. after milling) 
BK 1. 09 0.65 406. 
3K 1.30 0.95 87. 
600 2.35 1.16 9.4 
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Appendix C 
Jligr~V <>l tmeter 
A new AC migro-v~ltmeter hae been developed by 
Hew1eti-Packard which may be acceptable f~r use with the 
ehearomeier as a replacement for measuring voltages frGm 
the oscill~acape. The VQltmeter ie Qa,able of measuring 
~ u volt to 3 v~li signals over a 5 cps to 600 Kc range. 
The voltmeter will separate a desired signal from external 
noise if a reference signal of the frequency to be measured 
is available. The signal generator will provide tbi! signal 
in the case of the ahearome ter. Accuaoy i a j: ;;% up to 60 Kc. 
The m~del number is ;;410A and the list price is $800. 
I I 
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